Stable differences in the tendency to attribute meaning and emotional value to experience may represent an indicator of liability to psychosis. A brief task was developed assessing variation in detecting affectively meaningful speech (speech illusion) in neutral random signals (white noise) and the degree to which this was associated with psychometric and familial vulnerability for psychosis. Thirty patients, 28 of their siblings, and 307 controls participated. The rate of speech illusion was compared between cases and controls. In controls, the association between speech illusion and interview-based positive schizotypy was assessed. The hypothesis of a dose-response increase in rate of speech illusion across increasing levels of familial vulnerability for psychosis (controls, siblings of patients, and patients) was examined. Patients were more likely to display speech illusions than controls (odds ratio [OR] 5 4.0, 95% confidence interval [CI] 5 1.4-11.7), also after controlling for neurocognitive variables (OR 5 3.8, 95% CI 5 1.04-14.1). The case-control difference was more accentuated for speech illusion perceived as affectively salient (positively or negatively appraised) than for neutrally appraised speech illusions. Speech illusion in the controls was strongly associated with positive schizotypy but not with negative schizotypy. In addition, the rate of speech illusion increased with increasing level of familial risk for psychotic disorder. The data suggest that the white noise task may be sensitive to psychometric and familial vulnerability for psychosis associated with alterations in top-down processing and/or salience attribution.
Stable differences in the tendency to attribute meaning and emotional value to experience may represent an indicator of liability to psychosis. A brief task was developed assessing variation in detecting affectively meaningful speech (speech illusion) in neutral random signals (white noise) and the degree to which this was associated with psychometric and familial vulnerability for psychosis. Thirty patients, 28 of their siblings, and 307 controls participated. The rate of speech illusion was compared between cases and controls. In controls, the association between speech illusion and interview-based positive schizotypy was assessed. The hypothesis of a dose-response increase in rate of speech illusion across increasing levels of familial vulnerability for psychosis (controls, siblings of patients, and patients) was examined. Patients were more likely to display speech illusions than controls (odds ratio [OR] 5 4.0, 95% confidence interval [CI] 5 1.4-11.7), also after controlling for neurocognitive variables (OR 5 3.8, 95% CI 5 1.04-14.1). The case-control difference was more accentuated for speech illusion perceived as affectively salient (positively or negatively appraised) than for neutrally appraised speech illusions. Speech illusion in the controls was strongly associated with positive schizotypy but not with negative schizotypy.
Introduction
Epidemiological surveys have established that experiences resembling the delusions and hallucinations observed in psychotic disorders are prevalent in the general population and predominantly occur in a context of affective dysregulation. 1 Subthreshold psychotic experiences share the same age-related developmental expression and also display etiological (sharing the same genetic and nongenetic risk factors) and temporal (increased risk of transition from subthreshold to clinical state) continuity with psychotic disorders. 2, 3 The distribution of psychotic experiences in the general population thus is thought to reflect stable individual differences in psychosis liability, most of which is expressed transitorily, below the level of illness, during adolescence and young adulthood. 4 It has been proposed that these findings can be examined from the perspective that internal representations (thoughts or percepts) or external objects (environments) acquire altered meaning or emotional value, 5, 6 possibly associated with alterations in top-down processing of information from the senses 7, 8 or changes in dopamine signaling, 5, 6 prompting the individual to develop a cognitive scheme to make sense 9 of these. It may thus be hypothesized that stable differences in the tendency to attribute meaning and emotional value to experience-varying from aberrant to adaptive-are associated with the tendency to express psychotic experiences and thus represent an indicator of liability for psychotic disorder.
Several approaches toward experimental assessment of attribution of meaning or emotional value have been reported. Hoffman 10 described an experimental design measuring individual differences in picking up spurious messages (speech illusions) from multispeaker babble and showed that speech illusions predicted transition to schizophrenia-spectrum disorder in individuals with prodromal signs of psychosis. 7 A related approach involves detection of speech stimuli embedded in noise in the context of a speech recognition paradigm. 11 A further variant of the ''false-positive meaning'' approach is the experiment in which pure white noise is presented and individuals indicate whether or not they perceive spoken words. 12, 13 Other approaches include experimental induction of salience in the form of the illusion of remembering a stimulus not presented before 14 and the use of a monetary reward training paradigm, training individuals to discriminate between reward-predictive (CSþ) and random (CSÀ) stimuli, and using speed of response to CSþ and CSÀ as an indicator of adaptive (rapid response to CSþ) or altered (rapid response to CSÀ) motivational salience. 15 In the current study, an extension of the ''false-positive meaning'' approach was used because it allows for testing in large samples, is not dependent on memory and motivation, makes no assumption about the universality of the rewarding property of money in mixed samples of patients and controls, and does not equate the ''reward'' aspect of salience, denoting incentive and pleasure, with the ''importance'' aspect. In addition, an attempt was made to increase the sensitivity of the task by combining a pure white noise paradigm with the paradigm of words embedded in white noise of variable intensity. Finally, the aberrant meaning paradigm was extended to allow for the inclusion of a dimension of affective salience because experimental work by Holt and colleagues 16 suggests that patients with a diagnosis of schizophrenia were more likely to assign affective meaning to neutral stimuli, compared with those without delusional ideation, a finding that is congruent with the epidemiological observation that affective dysregulation may contribute causally to the persistence and clinical relevance of reality distortion. 1 The aim of the current study, therefore, was to measure (1) variation in detecting affectively salient speech in neutral random signals (white noise), (2) neurocognition, and (3) the tendency to express positive psychotic experiences in patients, their healthy siblings, and controls, hypothesizing that affectively salient meaning attributed to white noise would be associated with (1) patient status, particularly in those with the highest levels of positive psychotic symptoms, (2) familial vulnerability status, assessing trend across low-(control), medium-(sibling of patient), and high-(patient with psychotic disorder) risk groups, and (3) psychometric vulnerability status in the form of positive psychotic experiences (schizotypy) in controls, independent of measures of neurocognition. 17 Given the wellknown age dependence of expression of psychosis liability in the general population, 2,18 a sample of adolescents and young adults was targeted.
Methods

Sample
Patients with psychotic disorder, their healthy siblings nearest in age, and healthy controls were recruited using consecutive admissions between January 2007 and September 2008 at the Psychiatric Hospitalization Unit of the Basurto, Zaldibar, and Zamudio Hospitals in Basque Country, Spain (patients), and schools serving these areas (controls). Patients were seen when the responsible medical officer judged them to be no longer in an acute psychotic state and recovered for the purpose of interview. Inclusion criteria were (all 3 groups) as follows: aged 16-35 years, white ethnic group, native Spanish speaker, intelligence quotient (IQ) in excess of 75 according to the Wechsler Adult Intelligence Scale (WAIS), and (patients) meeting criteria for DSM-IV affective or nonaffective psychotic disorder. Exclusion criteria were as follows: patients in an acute psychotic phase or intoxicated with drugs of abuse, patients with comorbid autism, and patients with organic psychosis. Most of the healthy controls (n = 218) were 1 of a pair of sibs (the familial relationship in controls was required for another, genetically sensitive aspect of the study) meeting similar inclusion and exclusion criteria; they were recruited in the same catchment area as the cases, through educational institutes (vocational school, professional school, or university) and staff and relatives of these. The study was approved by the local Ethics Committee, and subjects provided written informed consent. In order to assess population reference values for white noise speech illusion, an additional control reference group of 97 subjects living in the same region and meeting similar inclusion and exclusion criteria was collected using an advertising procedure (hereafter: control reference group).
Instruments
Interviewers were Spanish psychology graduates, who had been trained extensively at Maastricht University, the Netherlands. Follow-up training sessions in order to prevent interview ''drift'' were conducted regularly on site. The following tasks were administered.
White Noise Task. Subjects wore earphones and were presented 1 of 3 different types of stimuli: (1) white noise only, (2) white noise þ clearly audible neutral speech, and (3) white noise þ barely audible neutral speech. Stimuli 2 and 3 were not separate conditions; the intermixing of white noise stimuli with audible speech was presented in order to create a higher level of expectancy, thus occasioning higher levels of top-down processing. Participants were presented 25 fragments of each in random order and asked to respond to each by pressing 1 of 5 buttons hereafter referred to as 1: positive speech illusion (endorsed hearing positive voice), 2: negative speech illusion (endorsed hearing negative voice), 3: neutral speech illusion (endorsed hearing neutral voice), 4: no speech heard, and 5: uncertain; this latter option was included in order to make the ratings of 1-3 more conservative. The recordings were delivered using stimulation software E-prime 1.1 (Psychology Software Tools, Pittsburgh, Pennsylvania), and stimuli were reproduced in random order. The length of the task was approximately 15 min. The rate of hearing a voice in the white noise-only condition (25 trials) was the variable of interest in the analyses.
Wechsler Adult Intelligence Scale. General cognitive abilities and achievement, expressed as a single IQ score, were assessed using Similarities, Arithmetic, Vocabulary, Block Design, and Object Assembly subtests of the WAIS-III. 19, 20 Flanker. The Flanker Continuous Performance test (http://www.cogtest.com) 21, 22 is a measure of executive control of attention. The task is to respond by pressing the right or left mouse button depending on whether the middle element in a display of 5 lines has an arrowhead pointing to the right or left. There are 3 trial types. In neutral trials, the flankers are just horizontal lines without arrowheads. In congruent trials, all flankers have arrowheads pointing in the same direction as the target. In incongruent trials, the flankers have arrowheads pointing in the direction opposite to that of the target. The incongruent condition involves more cognitive effort because the flankers are associated with a response that needs to be suppressed.Onehalfof thetrialsofeachtrialtypearepresented with the stimuli above the fixation cross on the screen, and the other half are presented below fixation, in order to prevent subjects from keeping their gaze fixed in one position. The test consists of 144 trials of neutral, congruent, and incongruent flankers, which are presented randomly. Outcome measures were the proportion of correct trials for the neutral, congruent, and incongruent conditions. The Rey Auditory-Verbal Learning test. A Spanish version of the Rey Auditory-Verbal Learning test (RAVLT) 23 was used to measure auditory verbal episodic memory and related executive function. The test was presented as described by Spreen and Strauss. 24 The responses were recorded on a database solution based on FileMakerPro @ to automate recording and analysis. 25 The test consists of 2 learning lists of 15 words and a third with the 30 words of the 2 learning lists and 20 distractor words. The test assesses learning, interference, and delayed free recall and recognition. Several indexes can be obtained. Outcomes used were immediate recall index (total proportional acquisition), delayed recall index (proportion correct delayed recall), and the retention index (proportion words retained).
OPCRIT. The Operational Criteria Checklist for Psychotic Illness and associated OPCRIT computer program 26 were used to establish DSM-IV diagnosis on the basis of current symptomatology, assessed with the Positive and Negative Syndrome Scale (PANSS), 27 as well as lifetime psychopathology, as recorded in the case notes.
Structured Interview for Schizotypy-Revised. The Structured Interview for Schizotypy-Revised 28 was used to determine a broad range of schizotypal symptoms and signs. Items can be scored on a 4-point scale from absent (0) to severe (3) . Positive schizotypy covers the symptoms referential thinking (2 items), magical ideation, illusions, psychotic symptoms, and suspiciousness (6 items). Negative schizotypy covers the symptoms social isolation, introversion, restricted affect, and poverty of speech (4 items). Mean schizotypy scores for these dimensions were calculated resulting in a positive schizotypy and a negative schizotypy score. Because both scores consisted of 4 equidistant values, they were recoded 0 to 3, for ease of interpretation of odds ratios (ORs).
Analyses
In order to have sample constancy in the comparison between adjusted and nonadjusted analyses, only participants with complete values for white noise task, age, sex, and all the neurocognitive variables used were included in the analyses.
As white noise speech illusion scores for positive, negative, and neutral voices were highly skewed, the 3 outcomes were analyzed as dichotomous variables. In addition, a variable ''any speech illusion'' was constructed denoting the presence of any positive, negative, or neutral voice perceived in white noise.
In order to assess whether the white noise task was sensitive particularly to affectively salient speech illusions rather then neutral speech illusions, a composite variable was constructed reflecting positive or negative speech illusions. Subsequently, it was examined whether casecontrol differences in neutral speech stimuli would be reducible to affectively salient speech stimuli but not the other way around.
Case-control status was the binary response variable and white noise speech illusion the binary exposure variable in logisticregressionmodels,alladjustedforage,sex,andyears in full-time education. As controls (consisting of sib-pairs) and cases and their siblings pertained to the same family, multilevel logistic regression using the XTGEE routine in the STATA statistical program, version 11.0, 29 was conducted in order to correct standard errors of all reported ORs for clustering at the level of family. In order to test whether case-control differences were contingent on level ofpsychoticsymptoms inthepatients, case-controlanalyses were repeated with the patient group stratified according to mean PANSS-positive symptom score.
In order to test whether any association with white noise speech illusion was confounded by neuropsychological impairment, models were additionally adjusted for WAIS-IQ score; Flanker proportion of correct trials for the neutral, congruent, and incongruent conditions; and RAVLT immediate recall index, delayed recall index, and retention index.
In order to assess the association between white noise speech illusion and schizotypy in controls, multilevel logistic regression models of the binary response variable ''any speech illusion'' were assessed with 4-level schizotypy variables as exposure variables, adjusted for age, sex, and years in full-time education. The same analysis was conducted in the sibling group-although this latter analysis was underpowered, it was conducted to test for similarity of direction of effects.
In order to test the hypothesis that white noise responses systematically increased over the levels of the familial risk variable (a 3-level variable ''group'': 0 = controls, 1 = siblings of patients, and 2 = patients), as would be expected if white noise represented an intermediary cognitive phenotype, [30] [31] [32] the model with the linear effect of the group variable was compared, by likelihood ratio test, with the group variable entered as a set of dummy variables. A large or significant improvement of the latter over the former is evidence of deviation from linearity.
Results
Sample
Cases were older than controls, more frequently male, and had spent less time in full-time education (table 1) . The majority of cases and controls were from social classes 3 and 4. Diagnoses in the cases were as follows: schizophrenia or schizophreniform disorder (n = 24), affective psychosis (n = 3), and psychotic disorder NOS (n = 3); mean GAF score was 43 (SD = 20.3); and mean age at first treatment for psychosis was 21.0 years (SD = 3.0). All patients were taking antipsychotic medication and had been receiving an antipsychotic for a mean of 4.8 years. Total PANSS score was 67.6 (SD = 15.0; neg- 
Case-Control Speech Illusions
The rate of any speech illusion was 9% in controls and 30% in cases (OR = 4.0, 95% confidence interval [CI] = 1.1-14.2). Splitting the patient group around the median value of the PANSS-positive psychotic symptom score revealed a much higher OR in the case-control comparison for patients with the highest level of positive symptoms (OR = 5.3, 95% CI = 1.5-18.9) compared with those with the lowest level (OR = 2.0, 95% CI = 0.4-10.2). This contrast was not apparent when analyses were split according to level of PANSS general symptom score (ORs of 4.3 and 3.6, respectively).
In the combined sample of cases and controls and controlling for case-control status, age, sex, and years of education, no speech illusion was associated with any of the neurocognitive variables, with the exception of an association with lower WAIS-IQ (standardized effect size: À0.10, P = .038); effect sizes for speech illusions associated with case-control status were not reduced after adjustment for neurocognitive variables (table 2). ORs were higher for affectively appraised speech illusions (positive or negative) compared with affectively neutral speech illusions (table 2) .
The adjusted OR for the composite variable reflecting positive or negative speech illusions was 11.2 (95% CI = 2.0-63.3) and 4.4 (95% CI = 1.1-16.8) for the neutral speech illusion. Entering both neutral and combined positive/negative speech illusions in the same model revealed that the effect size for the neutral condition was reducible to the positive/negative speech illusion but not the other way around (OR neutral speech illusion: 2.4, 95% CI = 0.5-11.3; OR positive/negative speech illusion: 7.4, 95% CI = 1.02-53.6).
Schizotypy and Speech Illusions in Controls and Siblings
In the controls, any speech illusion was strongly associated with positive schizotypy but not with negative schizotypy (table 3) . Similar associations were apparent for the siblings (age-, sex-, and years of education-adjusted OR linear trend positive schizotypy: 3.9, 95% CI = 0.8-18.9; age-, sex-, and years of education-adjusted OR linear trend negative schizotypy: 1.2, 95% CI = 0.5-3.2).
Reference Control Group
In the group of reference controls (n = 97; mean age 23.4 years, SD = 4.8; proportion males 49%), the rate of positive speech illusions (1%, n = 1), negative speech illusions (2%, n = 2), and neutral speech illusions (7%, n = 7) was the same as in the sib-pair control group (table 2) , as was the rate of any speech illusion (10%, n = 10).
Test for Trend Across Risk Groups
The test of trend for the ranks across ordered groups revealed a significant trend across controls (9% any speech illusion), siblings of patients (14%), and patients (30%), indicative of progressively higher rates of speech illusions with increasing familial vulnerability for psychotic disorder (table 4) .
Discussion
The tendency to detect affectively salient speech illusions in random noise was (1) more prevalent in patients with a psychotic disorder, (2) progressively greater across groups with increasing familial risk for psychotic disorder, and (3) associated with high levels of positive but not negative schizotypy in healthy controls and siblings of patients, independent of measures of neurocognition. The results therefore suggest that white noise speech illusion reflects individual differences in risk for psychotic symptoms and disorder. Contrary to the findings reported by Roiser and colleagues, 15 evidence for altered salience attribution using the white noise task was present despite the prescription of antipsychotic medication in patients. This may not be considered surprising, however, because many patients continue to display positive symptoms despite antipsychotic medication, ie, continue to display mechanisms of ascribing altered meaning and emotional value to experience. The results indeed suggest greater effect sizes when patients with higher levels of positive symptoms were selected for analysis, again suggesting that the white noise task may be specific for the positive symptom domain. Although it could be argued that the larger effect size for patients with psychotic symptoms was caused by patients actually hallucinating during the task, this mechanism cannot explain the parallel finding of an association between speech illusion and schizotypy in controls. The findings may have relevance for 2 mechanisms that have been proposed to mediate psychotic symptoms: altered top-down processing of sensory information and altered attribution of salience. It has been proposed that, to the degree that perception represents a reconstructive process resulting from the balance between top-down expectations and interpretations on the one hand and bottom-up sensory information on the other, hallucinations may result from a state of imbalance between topdown and bottom-up pathways of experience. 7, 8, 10, 11 The finding that white noise was imbued with the meaning of human speech in the current study is in agreement with such a mechanism.
Another recent theory may be invoked to interpret the findings, particularly in relation to the finding of differential attribution of emotional value associated with speech illusion. Thus, it has been suggested that psychosis may arise when a neutral stimulus becomes imbued with an emotional quality, thus influencing behavior and commanding attention 5, 6 and inducing the patient to develop a cognitive scheme (delusion) to explain this experience of altered emotional value. 9 Although the difference in effect sizes between neutral and affective speech illusions were suggestive, the CIs overlapped so that it cannot be assumed that the white noise task is truly specific for affectively salient speech illusions. However, further analyses revealed that case-control differences for neutral speech illusions were reducible to affectively salient speech illusions but not the other way around. It cannot be excluded that patients displayed a greater tendency to display affectively salient speech illusions simply because they were in a greater state of emotional turmoil. However, this may not be likely because speech illusion effect sizes did not depend on the PANSS general symptom score to the same degree as was observed for the PANSS-positive symptom score.
Strengths of the study were the large sample of controls, the interview-based measures of schizotypy, the experimental design, the targeted younger age group, and adequate control for neurocognitive measures. To the degree that the controls were younger, and the rate of both psychotic experiences and speech illusions may be higher in younger age groups, unadjusted results may be considered conservative. Weak points were the relatively small sample size of patients and their siblings, resulting in wide CIs, and absence of technology allowing for quantification of task-related brain processing, as has been shown recently for exposure to white noise 33 and the reward aspect of salience. 34 The control group consisted of sibpairs and this, given that sibs resemble each other, may have impacted negatively on statistical power and also may have affected representativeness. However, it was shown, using a second reference control group, that rates of speech illusions were stable across control samples and thus likely reflect the population rate.
Clearly, the white noise task cannot be considered a diagnostic test, given the fact that 70% of patients did not display speech illusions. Instead, it may be considered as a risk factor, similar to findings that a third of patients with schizophrenia display ventricular volumes that are larger than 1 SD above the mean of controls, 35 or evidence that probabilistic reasoning bias can be demonstrated in a third of the patient population, 32 or, finally, that evidence of a family history of schizophrenia is present in 20% of patients. However, if sensitivity could be improved, the white noise task may be suitable to assess vulnerability in population samples, eg, for the purpose of etiological or high-risk studies. Thus, although these findings must be considered preliminary and await replication and extension, the use of a simple and brief task of altered top-down processing and/or altered attribution of meaning or emotional value to experience, without the need for lengthy conditioning procedures, may have advantages in research. For example, it would be possible to examine to what degree affectively salient speech illusions represent a state associated with active psychotic symptoms, which may change with treatment. Alternatively, affectively salient speech illusions may represent a trait indexing, at least to a degree, psychosis vulnerability. The current results suggest it may be both because patients with higher levels of symptoms displayed higher levels of speech illusions, whereas controls with stable trait psychometric vulnerability displayed similar alterations, as did siblings at higher than average genetic risk for psychotic disorder.
In conclusion, evidence was presented that random noise, presented in an experimental design, may be used to uncover the state-mediated trait to ascribe meaning and emotional value to experience, a process associated with psychotic symptoms and disorder, independent of measures of information processing. Further development of this paradigm may be helpful for research.
